Iron-based binary chalcogenide superconductors FeSe and FeS have attracted much recent attention due to their complex orbital-selective correlations and Cooper pairing, offering the minimal model system holding the key properties to understanding the physics of high-Tc superconductors. Here, using density functional plus dynamical mean-field theory method (DFT+DMFT) with full self-consistency over the charge density, we study the effect of electronic correlations on the electronic structure, magnetic properties, orbital-dependent band renormalizations, and Fermi surface of the tetragonal phase of bulk FeS. We perform a direct structural optimization of the P4/nmm crystal structure of paramagnetic FeS, minimizing the total energy of FeS with respect to the lattice constant a and the internal coordinate zS of atom S. Our results show an anomalous sensitivity of the electronic structure and magnetic properties of FeS to fine details of its crystals structure, e.g., to a small variation of the chalcogen coordinate zS. Upon expansion of the lattice volume (which can be realized, e.g., in FeS1−xSex), we observe a remarkable change of the electronic structure of FeS which is associated with a complete reconstruction of the Fermi surface topology (Lifshitz transition). This behavior is ascribed to a correlation-induced shift of the Van Hove singularity associated with the Fe xy and xz/yz orbitals at the M point across the Fermi level. The Lifshitz phase transition is accompanied by a significant growth of local magnetic moments and emergence of strong orbital-selective correlations. It is seen as a pronounced anomaly ('kink') in the total energies upon expansion of the lattice, associated with a remarkable enhancement of compressibility. This behavior is accompanied by an orbital-dependent formation of local moments, a crossover from itinerant to localized orbital-selective moment behavior of the Fe 3d electrons. While exhibiting weak effective mass enhancement of the Fe 3d states m * /m ∼ 1.3 − 1.4, correlation effects reveal a strong impact on a position of the Van Hove singularity originating from the Fe xz/yz and xy orbitals at the M point, implying a complex interplay between electronic correlations and band structure effects in FeS. Our results suggest a complex interplay between electronic correlations, magnetism, and lattice degrees of freedom in FeS.
I. INTRODUCTION
The discovery of unconventional superconductivity in the Fe-based pnictides and chalcogenides, with the highest transition temperature T c up to 55 K in fluorine doped SmFeAsO and ∼ 109 K in a monolayer of FeSe, has attracted a lot of attention from researchers around the world in the recent past [1] [2] [3] . Similar to high-T c cuprates, manganites or some heavy fermion compounds, the Fe-based pnictide and chalcogenide superconductors (FeSCs) are characterized by the proximity and complex interplay of various phases, including magnetism, nematicity, and crystal structure phases [4] . In fact, superconductivity in FeSCs is often found to appear in the vicinity of a magnetic phase transition and/or structural (nematic) instability, as a result of the electron/hole doping, pressure or other means suppression of long-range, single-stripe antiferromagnetic (AFM) order with a wave vector Q m = (π, π) [5] . The Fermi surface topology of FeSCs is characterized by an in-plane nesting wave vector (π, π), consistent with s ± pairing symmetry [6, 7] . Moreover, experimental studies of the spin excitation spectra of both pnictides and chalcogenides show an enhancement of short-range AFM spin fluctuations at a vector (π, π) near the T c [8] . This behavior has been regarded as evidence for the importance of spin fluctuations in the pairing of electrons in FeSCs.
Among various chemical compositions of FeSCs much attention has been paid to the binary chalcogenide compounds, the so-called '11' family of FeSCs, FeX with X =Se, Te, and S [4, 9, 10] . Besides their structural simplicity, the '11' FeSCs offer the minimal model system holding the key properties to understanding the physics of high-T c superconductors in general. Iron selenide FeSe is a particularly fascinating representative of the '11' FeSCs [4, 9, 11, 12] . Unlike the iron pnictides, FeSe lacks long range magnetic order in spite of a similar structural behavior and extended nematic (orthorhombic) phase below 90 K [4, 13] . In fact, FeSe has been found to become superconducting below T c ∼ 8 K close to its stoichiometric composition [14] . Superconductivity in FeSe is highly tunable, with the superconducting transition tempera-ture ranging from T c ∼ 8 K in bulk single crystals at ambient pressure to ∼ 40 K under pressure (of ∼ 6 GPa) or in intercalated systems, to ∼ 14 K upon isoelectronic substitution of Se with Te (corresponding to a negative chemical pressure, i.e., lattice expansion) and to ∼ 65-109 K in thin films [3, [15] [16] [17] [18] . While FeSe shows no antiferromagnetically ordered phase at ambient pressure down to the lowest temperatures, static magnetism (most likely) of the (π, π) AFM stripe-type emerges upon compression above ∼ 1 GPa [8] . Moreover, a double-stripe (π, 0)-type magnetically ordered phase appears upon expansion of the lattice caused by an isoelectronic substation of Se with Te, in FeTe [19] . The (π, π) to (π, 0) crossover in magnetic correlations can be attributed to a Lifshitz transition of the electronic band structure of Fe(Se,Te), accompanied by a remarkable increase of local magnetic moments and an enhancement of electronic compressibility at the transition point [20] [21] [22] . This behavior was ascribed to, e.g., a correlation-induced shift of the Van Hove singularity associated with the Fe xy and xz/yz orbitals at the Brillouin zone M point across the Fermi level [20] [21] [22] . Under pressure, T c in FeSe increases dramatically to a maximum of ∼ 37 K at about 6 GPa [16, 17] . By contrast, substitution of Se for S, which constitutes a positive chemical pressure on FeSe, leads to a reduction of the degree of (π, π) nesting, resulting in a decrease of T c [23] . The latter is presumably connected with suppression of spin fluctuations, resulting in a lowering of the critical temperature in FeSe 1−x S x series [22, 24] .
Being isoelectronic and isostructural counterpart of FeSe, the tetragonal FeS has attracted a lot of attention from both theory and experiment as a promising model system to study the underlying mechanisms (e.g., the interplay of magnetism and structural parameters) of superconductivity in FeSCs [25] . In contrast to FeSe and the majority of FeSCs, FeS does not reveal a structural transition from the tetragonal to orthorombic structural phase (i.e., it exhibits no nematic order) down to the lowest temperatures [4, 24, 26] . Moreover, superconducting (SC) properties of FeS display a delicate interplay with the lattice. The T c is first found to decrease under pressure. However, upon further compression, it is followed by a reemergence of SC with formation of a second SC dome on the phase diagram [27, 28] . This behavior can be attributed to a Lifshitz transition which adds a hole pocket to the Fermi surface (FS) [29] . From angleresolved photoemission experiments (ARPES) and electronic structure calculations the Fermi surface of FeS resembles that of FeSe [24, 30, 31] . It features two electronlike pockets at the tetragonal Brillouin zone M points and two hole-like pockets centered at the Γ point, showing a moderate dispersion along k z . However, at ambient pressure the third hole-like pocket at Γ in FeS is not observed [24, 31] . In addition, ARPES shows that the increase of S content in the solid solution FeSe 1−x S x leads to an increase of the size of the FS, accompanied with a reduction of the degree of (π, π) in-plane nesting [23, 24] .
The latter suggests damping of spin fluctuations in FeS compared to those in FeSe. Photoemission and ARPES measurements of the electronic properties of FeS reveal a sufficient narrowing of the Fe 3d bandwidth as compared to band structure calculations [30] . However, an orbital-dependent band renormalization of the quasiparticle mass is weaker than that in FeSe and is only about ∼ 1.5-2, implying a remarkably weaker strength of correlation effects in FeS [24, 32] . In this context it is interesting to note the possible importance of electron-phonon coupling in FeS [33] .
The most advanced theoretical methods for calculation of the electronic properties of strongly correlated materials, such as the density functional theory plus dynamical mean theory approach (DFT+DMFT) have shown to provide a good description of the electronic structure of FeSCs [34] [35] [36] . For FeSCs DFT+DMFT calculations reveal significant correlation effects with orbitaldependent strength and character, revealing the importance of the Hund's rule coupling induced many-body correlations [20-22, 32, 36-39] . This leads to substantial differences in quasiparticle weights and orbital selectivity of electronic correlations, suggesting that the Cooper pairing can also become orbital-selective, with a highly anisotropic superconducting gap [11, 12] . Moreover, such DFT+DMFT calculations indicate a positive correlation of the enhancement of the T c with the correlationinduced increase of the electronic compressibility, suggesting that the system is at the frontier of the normalto-Hund's metal crossover [20] [21] [22] 39] . Applications of DFT+DMFT to the equilibrium phase of FeS and FeSe have shown that the electronic properties of FeS share many similarities with those of FeSe [32] . In agreement with ARPES measurements, the DFT+DMFT calculations suggest weaker orbital-dependent band renormalizations in FeS [24, 32] . In FeSe correlations are strong enough to induce a transfer of the spectral weight and form the lower Hubbard band whereas the existence of the low-energy correlation-induced satellite in tetragonal FeS remains an open question [38, 40] .
As already discussed in many respects for FeSCs, the crystal structure effects (variation of the lattice under pressure and/or chemical substitutions) show a strong impact on the electronic properties and magnetic fluctuation spectrum of FeSCs, implying a complex coupling between the magnetic and structural properties [4] . It often results in a significant enhancement of the T c 's upon a moderate variation of crystal structure parameters of FeSCs. This behavior still needs to be understood on a microscopic level that drives much attention to the physical properties of the '11' FeSCs. In this respect FeS, a superconducting system exhibiting no nematic ordering, offers new perspectives to study the coupling between the magnetic and structural properties in FeSCs.
In this paper, we study the interplay of the electronic structure, magnetic properties, and the Fermi surface topology in the tetragonal (space group P 4 /nmm) paramagnetic FeS upon variation of its crystal structure.
In particular, by employing the DFT+DMFT method [34, 35] we study the effect of the lattice structure, e.g., a change of the lattice volume and chalcogen coordinate z S on the electronic properties, magnetic correlations, and the Fermi surface of FeS. Our results reveal the importance of electronic correlations for the electronic properties and structural optimization of FeS. For examples, we observe a strong impact of correlation effects on a position of the Van Hove singularity originating from the the Fe xz/yz and xy orbitals at the M point. We show that the internal parameter z S plays a key role for understanding the physical properties of FeS upon expansion of the lattice. Upon lattice expansion FeS is found to exhibit a structural collapsed-tetragonal to tetragonal phase transition, accompanied by a significant increase of local magnetic moments and an emergence of strong orbital-selective correlations near the transition point. The phase transition results in a remarkable increase of the electronic compressibility and is associated with a topological change of the Fermi surface (Lifshitz transition). The latter is accompanied by a crossover from itinerant to localized orbital-selective moment behavior. Our results clearly demonstrate the crucial importance of orbital-selective correlations for a realistic description of the electronic and lattice properties of FeS.
The paper is organized as follows. In Sec. II we describe the technical details of our DFT+DMFT calculations. In Sec. III A we present results for crystal structure optimization of FeS, focusing on the evolution of its electronic structure and local magnetic moments. Spectral properties and orbital-selective renormalizations of the Fe 3d states of FeS are discussed in Sec. III B. Our results for the evolution of the Fermi surface and spin susceptibility upon variation of the crystal structure parameters of FeS are shown in Sec. III C and D, respectively. Finally, the results are summarized in Sec. IV.
II. METHOD
Here, we study the effect of electronic correlation on the electronic structure, magnetic correlations, and crystal structure properties of tetragonal FeS (space group P 4 /nmm) using the state-of-the-art fully self-consistent in charge density DFT+DMFT method [34, 35] . We perform a direct structural optimization of the tetragonal P 4 /nmm unit cell of FeS, minimizing the total energy of FeS with respect to the lattice constant a and the internal coordinate of sulphur z S (z S is proportional to the height of S relative to the basal Fe plane). In these calculations, the c/a ratio of the tetragonal unit cell was fixed to its experimental value c/a = 1.367 (at ambient pressure). To compute pressure, equilibrium lattice volume and bulk modulus we fit the calculated total energies using the third-order Birch-Murnaghan equation of state [41] . We note that the DFT+DMFT results exhibit a clear anomaly in the total energy behavior. Therefore we fit the equation of states separately for the low-and high-volume regions.
We have employed the DFT+DMFT approach implemented within the plane-wave pseudopotential formalism with generalized gradient approximation (GGA) for the DFT exchange-correlation potential [42] . The DMFT equations are solved in a basis set of the Wannier Fe 3d and O 2p orbitals. The latter are constructed using the atomic-centered symmetry-constrained Wannier functions defined over the full energy range spanned by the Fe 3d and the S 4p bands [43] . We solve the realistic many-body problem using the continuoustime hybridization-expansion (segment) quantum Monte Carlo algorithm [44] . The calculations are performed in the paramagnetic state at an electronic temperature T = 290 K. The Coulomb interaction has been treated in the density-density approximation with the average Hubbard interaction U = 3.5 eV and Hund's exchange J = 0.85 eV for the Fe 3d shell, as estimated previously [36] . The interaction parameters U and J are assumed to remain constant upon variations of the lattice. The spin-orbit coupling was neglected in our calculations. To account for the electronic interaction already described by DFT, we employ the fully localized double counting correction, evaluated from the self-consistently determined local occupations. Spectral properties and renormalizations of the effective electron mass of the Fe 3d orbitals are obtained from the real-axis self-energŷ Σ(ω) computed using the Padé analytical continuation procedure [45] .
To quantify a degree of localization of the Fe 3d electrons of FeS upon variation of the lattice we compute the local spin-spin correlation function χ(τ ) = m z (τ )m z (0) within DMFT, wherem z (τ ) is the instantaneous magnetization on the Fe 3d state at the imaginary time τ . The evolution of magnetic correlations and possible magnetic instabilities of FeS upon variation of the lattice is analyzed by calculating the momentum-resolved static susceptibility in the particle-hole bubble approximation:
whereĜ(k, iω n ) is the interacting lattice Greens function evaluated within DFT+DMFT, T is the electronic temperature, and ω n is the fermionic Matsubara frequencies.
III. RESULTS

A. Structural optimization and local magnetic moments
We start by performing a direct structural optimization of the P 4 /nmm crystal structure of paramagnetic FeS. To this end, we minimize the total energy of FeS with respect to the lattice constant a and the internal coordinate z S of atom S using the DFT+DMFT method with the average Coulomb interaction U = 3.5 eV and Hunds exchange J = 0.85 eV for the Fe 3d shell. In Fig. 1 we compare our DFT+DMFT results with the results of the nonmagnetic GGA (nm-GGA) calculations (i.e., with the noninteracting case of U = 0 eV and J = 0 eV). Our nm-GGA results for the total energy show a typical parabolic-like behavior with the equilibrium lattice constant a = 6.84 a.u. and the fractional coordinate z S = 0.241 (a = 6.78 a.u. for the fixed z S = 0.252). The calculated a and z S crystal structure parameters are by ∼ 2% and 4% smaller than those in the experiment, respectively. The calculated bulk modulus is found to depend very sensitively on the coordinate z S (i.e., whether z S is optimized or not). In particular, the bulk modulus computed from a fit of the DFT total energy to the third-order Birch-Murnaghan equation of state for the case with z S fixed to its experimental value z S = 0.252 is K ∼ 137 GPa. The bulk modulus pressure derivative is K ′ ≡ dK/dP = 4.8. On the other hand, structural optimization of FeS within nm-GGA with respect to both the lattice constant a and coordinate z S gives K = 67 GPa. We note however that this value is still significantly higher (by about two times) than available experimental estimates for nanocrystalline tetragonal FeS (∼ 30 GPa) [46] . Interestingly, for the parent compound FeSe, which is isoelectronic and isostructural to FeS, experimental studies give K ∼ 31 − 33 GPa [47] .
Structural optimization of the lattice parameters of paramagnetic FeS within DFT+DMFT gives an overall improvement for the calculated crystal structure parameters with respect to the non-interacting nm-GGA results. Our results for the lattice constant a ∼ 6.93 a.u. (less than about 1% off the experimental value) and the internal coordinate z S = 0.247 (smaller by ∼2 %) are in good agreement with available experiments. For the bulk modulus we obtain K = 106 GPa (for z S fixed to its experimental value), while simultaneous optimization of a and z S within DFT+DMFT gives a significantly softer crystal lattice with K ∼ 50 GPa. The latter estimate is in reasonable agreement with the experimental bulk modulus of nanocrystalline tetragonal FeS (∼ 30 GPa) and with the bulk modulus of FeSe (31-33 GPa) [47, 48] . We note that the calculated height of the chalcogen atom, sulphur in FeS, relative to the basal Fe plane of 2.332 a.u. (z S = 0.247) is by ∼ 15% smaller than that in the parent compound FeSe (2.729 a.u.), in agreement with the experiment. The calculated instantaneous local magnetic moment is m 2 z = 1.75 µ B (corresponding to the fluctuating local moment of M loc = 0.40 µ B , evaluated as
1/2 , where T is the temperature) at ambient pressure. The calculated value of m 2 z is by ∼ 8 % smaller as compared to that obtained for paramagnetic FeSe. Clearly, it is the inclusion of the local Coulomb interaction that provides an overall improved description of the properties of FeS compared to the nm-GGA results.
Our results for the calculated crystal structure and electronic structure parameters of FeS are summarized 6 Energy (eV / f.u.) DFT in Table I . We find that the calculated crystal lattice parameters of FeS are in overall good agreement with recent experimental data. Most importantly, the DFT+DMFT calculations predict an isostructural phase transition which is accompanied by a substantial increase of the local magnetic moments m 2 z (a formation of local moments) upon expansion of the lattice of FeS, i.e., under a "negative" (chemical) compression. Indeed, our calculations reveal a pronounced anomaly in the total energy upon expansion of the lattice, associated with a remarkable enhancement of electronic compressibility near a ∼ 7.5-7.7 a.u. (a ∼ 7.5 a.u. for fixed z S and ∼ 7.7 a.u. upon simultaneous optimization of a and z S , respectively) [49] . Moreover, the instantaneous local moments which are m 2 z ∼ 1.75 µ B at ambient conditions are found to increase to 3.36 µ B and 2.86 µ B at a = 8.2 a.u., respectively (see lower panel of Fig. 1 ).
Interestingly, structural optimization of both a and z S results in a smooth evolution of the local moments as a function of volume, while the lattice anomaly shifts to a higher volume with a ∼ 7.8 a.u.. We note that similar anomalous behavior of the lattice structure and local magnetic moments upon lattice expansion has been found in the parent system FeSe [20] [21] [22] . By analogy with FeSe, we interpret this behavior of FeS as a transition from a collapsed-tetragonal (equilibrium volume) to tetragonal (expanded volume) phase which occurs upon expansion of the lattice volume. The transition is of first order, occurs under a negative pressure of above 15 GPa (in practice it can be realized, e.g., by substituting S with Se), which is as twice as that found in FeSe. The expanded-volume phase has a significantly smaller bulk modulus of ∼ 27 GPa.
Our results show that the phase transition is accompanied by an increase of the lattice constant from a = 7.3 a.u. to 7.8 a.u. (with fixed z S = 0.252), as obtained from a common tangent construction for the energyvolume dependence. The latter corresponds to a large increase of the lattice volume by ∆V /V ∼ 18 %. We note that optimization of z S further lowers the energy of the expanded-volume phase and results in a significant extension of the transition region. This implies a significant variation of the z S value at the transition. The phase transition spans the range from a ∼ 7.4 a.u. to about ∼ 8.6 a.u., implying the importance of optimization of all crystal structure parameters, including c/a, for the expanded-volume phase of FeS. Moreover, similarly to FeSe this anomaly of the crystal structure of FeS is not observed in spin-polarized DFT calculations for the (π, 0) and (π, π) antiferromagnetic ordering of Fe moments, demonstrating the importance of electronic correlations in FeS [50] .
B. Spectral properties and band renormalizations
Next, we discuss the spectral properties of paramagnetic FeS. In Fig. 2 we show the spectral functions of FeS calculated for the equilibrium structure and for the highvolume phase (a = 8.20 a.u. for the fixed z S = 0.252 and a = 8.60 a.u. for the optimized z S = 0.127). Our results for the electronic band structure of FeS obtained within at the M point (relative to the Fermi energy) obtained by DFT+DMFT at T = 290 K in comparison to the results for FeSe [22] . Here, h ch is the height of a chalcogen atom (ch=S, Se) above the basal Fe plane and E GGA VHS is the position of VHS in nm-GGA. E DFT+DMFT for the calculated equilibrium structural parameters a = 6.90 a.u. and z S = 0.252 for are shown in Fig. 3 . We notice that the spectral functions of FeS are qualitatively similar to those calculated earlier for the parent compound FeSe. Moreover, in qualitative agreement with FeSe, the Fe xy and xz/yz spectral functions exhibit a well-defined quasiparticle peak (QP) located below the Fermi level at about −0.32 eV. Our analysis of the correlated band structure of FeS suggests that this peak is originating from the Van Hove singularity (VHS) of the xy and xz/yz bands located below E F at about −0.21 eV at the M point. In addition, the spectral functions for the t 2 orbitals of FeS exhibit a broad feature at ∼ −1.5 eV, associated with the lower Hubbard band. For comparison, the DFT+DMFT calculations for FeSe place the QP associated with the Fe xy and xz/yz VHS at ∼ −0.2 eV below the Fermi level.
We find a substantial renormalization of the Fe 3d bands with respect to the nm-GGA results, which is however sufficiently weaker than in FeSe. In fact, our results for the orbital-selective renormalization of the Fe 3d states evaluated from m * /m = 1 − ∂Σ(ω)/∂ω| ω→0 (here, Σ(ω) is the self-energy in the real-frequency domain computed by employing Padé approximants [45] ) exhibit a rather weak enhancement of m * /m, ranging in 1.3-1.4 (see Table II ). This implies that at ambient conditions FeS is a weakly correlated system with small orbital-selective renormalizations. The Fe t 2 states are being renormalized by about 1% stronger than the e states. We note that the DFT+DMFT results for FeSe in the vicinity of the equilibrium lattice volume give m * /m lying in the range 1.5-2. In accordance with this, our DFT+DMFT calculations show that the Fe 3d band- width of FeS is by ∼ 10% larger as compared to that of FeSe, implying overall weaker correlation effects in FeS. Nonetheless, we point out that the effect of correlations on the electronic structure of FeS is non-negligible, resulting in a significant shift of the quasiparticle bands in the vicinity of the Fermi level. In particular, we observe a remarkable shift of the Fe xz/yz and xy VHS at the M point towards the Fermi level by about 40%, caused by correlation effects. The VHS shifts from −0.35 eV in the nm-GGA to −0.21 eV below the Fermi energy in the DFT+DMFT calculation (see Fig. 3 ). Interestingly, in FeSe the correlation-induced shift of VHS towards the Fermi energy is even stronger. In particular, the VHS shifts from −0.24 eV (in nm-GGA) to −0.12 eV in the equilibrium phase of FeSe.
In addition, we notice a remarkable correlation between the position of VHS and the strength of electronic correlation effects in FeSe and FeS (see Fig. 4 for FeS and Fig. 7 in Ref. [21] for FeSe). In fact, our results show that both FeS and FeS exhibit a significant orbital-dependent increase of m * /m to ∼ 3 upon the VHS approaching the Fermi level (upon expansion of the lattice). While considering a 'blue-red shift' problem in FeSCs (an inappropriate shifting upward of the electron bands at the M point and downward of the holelike bands at the Γ point, resulting in a shift of VHS away from E F ) this rises important question about the interplay of VHS and correlation effects in FeSCs [51] .
Upon expansion of the lattice, we find a substantial redistribution of the Fe 3d spectral weight near the Fermi energy. We note that the overall change of the spectral function shape upon expansion of the lattice agrees with the evolution of photoemission spectra of Fe(Se,Te) obtained upon substitution of Se with Te [52] . We observe that a substantial part of the spectral weight of the Fe xz/yz and xy orbitals in the vicinity of E F is pushed from below to above the Fermi level. In particular, the QP peak associated with the VHS at −0.23 eV below the Fermi level in the equilibrium volume phase is absent for larger volumes. The x 2 − y 2 spectral weight shifts in the opposite direction, towards E F , from ∼ 1 eV to 0.25 eV above E F . The 3z 2 − r 2 states form a quasiparticle peak near the Fermi level in the high-volume phase.
The spectral weight transfer is accompanied by a remarkable orbital-selective renormalization of the Fe 3d bands. In fact, the effective mass of the Fe t 2 states increases to ∼ 5.49 for the xz/yz and 2.58 for the xy orbitals, i.e., almost by about 4 times and by 2 times with respect to the equilibrium values (see Table II) . Moreover, we find that the effective mass of the Fe 3d states depends very sensitively on the lattice constant a and coordinate z S . For example, our results show a significant change of m * /m for the xz/yz and xy orbitals, from m * /m = 7.04 and 6.94 for z S = 0.127 to 3.64 and 2.47 for z S = 0.157, respectively. In addition, we find a significant renormalization of the 3z 2 − r 2 orbitals, from m * /m ∼ 1.35 for the equilibrium lattice to 4.86 for the high-volume phase with a = 8.60 a.u. and z S = 0.127. In Table II we also present our results for the orbitaldependent occupations of the Fe 3d states. Interestingly, the calculated orbital-selective renormalization of the Fe 3d states is accompanied by a change of the corresponding Fe 3d occupancies towards the half-filled state.
C. Fermi surface and Lifshitz transition
To understand the effects of lattice expansion and electronic correlations in more detail, we analyze the kresolved spectral properties of FeS. For this purpose, we determine the poles of the DFT+DMFT lattice Green's functionĜ(k, ω) (evaluated usingΣ(ω)) and compute the momentum-resolved spectral function A(k, ω) = − 1 π TrĜ(k, ω). The former allows us to visualize the quasiparticle Fermi surface. On the other hand, the spectral function A(k, ω) can be used to analyze the spectral weight at E F . In Figs. 5 and 6 we show our results for the spectral weight at the Fermi energy (top row in Figs. 5 and 6 ) and the quasiparticle Fermi surface (bottom) obtained by DFT+DMFT for the different structural parameters a and z S . For the equilibrium lattice parameters, the Fermi surface exhibits two hole sheets centered at the Γ-Z direction and two FSs at each of the four corners (M -Z direction) of the tetragonal Brillouin zone (BZ). The cross-section area of the corner FSs shows a strong dependence on k z , reaching its minimum for k z = 0 and a maximum at the BZ boundary. The Fermi surface of the outer hole cylinder (mostly originating from a combination of the Fe xz/yz and x 2 − y 2 states) is almost parallel to the Γ-Z direction, i.e., twodimensional. By contrast, the inner FS pocket has a less pronounced 2D character with a sufficient variation of its cross-section along k z . Our results for the spectral weight show coherent FSs, implying a small damping of quasiparticles in the equilibrium phase. This is consistent with a weak renormalization of the Fe 3d states in the equilibrium phase. Upon expansion of the lattice, we observe an entire reconstruction of the Fermi surface topology (Lifshitz transition) of FeS. With fixed z S = 0.252, the FSs at the corners of the BZ vanish, while those centered at Γ-Z change their shape and significantly increase in size. In particular, now there are two hole-like quasi-2D FSs at Γ-Z. The shape of the outer sheet is cylinder-like at the zone boundary k z = π, with insufficient expansion along the (π, π, k z ) diagonals near k z = 0 (see Fig. 5 ). The inner FS is almost parallel to Γ-Z and shows a cross-like cross-section at k z = 0. We note that in the expandedvolume phase the spectral weight distribution at the E F is highly incoherent. This is mostly due to the inner FS pocket and is seen as four spots at (π, 0). The incoherent spectral weight at E F implies a stronger damping of quasiparticles in the high-volume phase, in agreement with a larger band renormalization m * /m. In this case, the overall evolution of the FS shape resembles that obtained within DFT+DMFT for FeSe [20, 21] .
We also note that our results for the FS of the highvolume phase of FeS depend sensitively upon the lattice coordinate z S . In particular, for the optimized value z S = 0.127 the electron-like pockets centered at the BZ corners become three-dimensional like, closing at a halfway from k z = 0 to k z = π. The cross-section area of the hole FS at the BZ center becomes significantly larger as compared to that in the equilibrium phase, weakly depending on k z . In addition, we observe that the outer sheet shows concave structures at its surface, whereas the inner sheet has a cylindrical shape (see Fig. 6 ). The spectral weight at E F is highly incoherent and mostly originates from the electron-like FSs at the BZ corners. Interestingly, whether or not the z S is optimized, the lattice volume expansion results in a change of the FS topology, i.e., the Lifshitz transition in FeS. We therefore conclude that upon expansion of the lattice ("negative compression") the Lifshitz transition takes place in tetragonal FeS. The phase transition is accompanied by anomalous behavior of the crystal structure and local magnetic mo- ments, resulting in a remarkable enhancement of electronic compressibility. Our results are therefore in line with the scenario of a correlation-induced shift of the VHS originating from the Fe t 2 orbitals at the M point towards the Fermi energy in FeSe [20] [21] [22] . The latter seems to lead to an anomalous behavior of the electronic structure, magnetism, and lattice properties of FeS upon variation of its lattice.
D. Spin susceptibility and orbital-selective local moments
We now turn to the magnetic properties of FeS and discuss our results for the spin susceptibility and orbital-selective local moments in paramagnetic FeS. In Fig. 6 we show our results for the orbital-dependent spin susceptibility χ(τ ) = m z (τ )m z (0) computed within DFT+DMFT. We found that the electronic and structural phase transition upon expansion of the lattice volume is accompanied by a significant growth of the fluctuating local magnetic moments. The transition results in a crossover from itinerant (at ambient conditions) to orbital-selective localized moment behavior (in the highvolume phase), as is seen from the spin correlation function. In fact, our calculations reveal that the expandedvolume phase exhibits an orbital-selective enhancement of localization of the Fe 3d electrons. Interestingly, we found that the symmetry of magnetic correlations depends sensitively on a change of the lattice parameter z S value, whereas the overall tendency to form local moments remains the same. In particular, upon simultane- To analyze the effect of lattice expansion on the symmetry and strength of magnetic fluctuations we compute the momentum-dependent static magnetic susceptibility χ(q). Orbital contributions of χ(q) along the Γ-X-M -Γ path are shown in Fig. 8 . At ambient conditions, the susceptibility resembles that computed earlier for the equilibrium phase of FeSe. In particular, χ(q) exhibits a maximum at the M point of the tetragonal Brillouin zone, implying that leading magnetic instability at ambient pressure in FeS is due to the t 2 states, with a propagating wave vector (π, π). However, we found that unlike to FeSe the largest contribution at the M point is now originating from the xz/yz orbitals but not from the xy states as in FeSe. We also note that in the equilibrium phase of FeS the amplitude of spin fluctuations quantified by χ(q) is overall smaller than that in FeSe. Overall, these results suggest that there exists a crossover of magnetic correlations in Fe(Se,S) upon substituting Se with S. Our results show that expansion of the lattice volume is accompanied by a reconstruction of magnetic correlations. Thus, upon expansion of the lattice we observe an overall enhancement of χ(q). In the expanded-volume phase χ(q) has a less pronounced variance along the Γ-X-M -Γ path than that in the equilibrium phase. Moreover, the Fe e states now play a predominant role with a leading contribution originating from the 3z 2 − r 2 orbitals. Upon expansion of the lattice, the magnetic susceptibility shows a significant damping of a peak of χ(q) at the M point. As a result, χ(q) reveals a weak feature at the Γ point, implying a possible importance of ferromagnetic fluctuations (for z S = 0.252). While z S is optimized, a leading magnetic instability has a magnetic vector (π, π), i.e., similar to that in the equilibrium phase of FeS, with a major contribution from the xy and 3z 2 −r 2 states. Overall, our results point out an anomalous sensitivity of the electronic structure and magnetic properties of FeS to the fine details of its crystals structure, e.g., to a variation of the lattice volume and lattice coordinate z S . The latter results in a remarkable orbital-selective localization of the Fe 3d electrons.
IV. CONCLUSION
In conclusion, using the DFT+DMFT method we calculated the evolution of the electronic structure, magnetic properties, and the Fermi surface of FeS upon variation of its crystal structure parameters. We explore the effects of the crystal structure -changes of the lattice volume and chalcogen height z S -on the electronic properties, orbital-dependent character and strength of magnetic correlations, and the Fermi surface topology of the tetragonal (space group P 4 /nmm) FeS. Our results show a clear importance of electronic correlations for the electronic properties and structural optimization of FeS. Correlation effects reveal a strong impact on a position of the Van Hove singularity originating from the the Fe xz/yz and xy orbitals at the M point. In particular, we found that in the equilibrium structure, the QP peak associated with VHS is shifted towards the Fermi level from −0.35 to −0.23 eV. Our results suggest that the internal coordinate of sulfur, z S , plays a key role for understanding the physical properties of FeS upon variation of the lattice volume. Upon lattice expansion, FeS is found to exhibit a structural collapsed-tetragonal to tetragonal phase transition, accompanied by a significant increase of local moments and emergence of strong orbital-selective correlations near the transition point. The phase transition is associated with a topological change of the Fermi surface (Lifshitz transition), resulting in a remarkable increase of the electronic compressibility at the transition. Our DFT+DMFT calculations exhibit an anomalous sensitivity of the electronic structure and magnetic properties of FeS to the fine details of its crystals structure, e.g., to a variation of the lattice volume and lattice coordinate z S . Our results clearly demonstrate the crucial importance of orbital-selective correlations for a realistic description of the electronic and lattice properties of FeS, highlighting the importance of a crossover from itinerant to localized orbital-selective moment behavior of the Fe 3d electrons.
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